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SCINTILLATOR, SCINTILLATOR ARRAY, 
RADIATION DETECTOR, AND RADIATION 

EXAMINATION DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of prior Interna 
tional Application No. PCT/JP2015/004853, filed on Sep. 
24, 2015 which is based upon and claims the benefit of 
priority from Japanese Patent Application No. 2014-195606, 
filed on Sep. 25, 2014; the entire contents of all of which are 
incorporated herein by reference. 

FIELD 

0002 Embodiments described herein generally relate to a 
Scintillator, a Scintillator array, a radiation detector, and a 
radiation examination device. 

BACKGROUND 

0003 Radiation examination devices such as an X-ray 
CT (Computed Tomography: CT) device have been used for 
various applications including medical use, industrial use, 
and so on. As the radiation examination device, for example, 
a multi-slice X-ray CT device having a Scintillator array 
mounted thereon can be cited. The multi-slice X-ray CT 
device enables overlaying of sliced images and three-dimen 
sional display of a CT image. 
0004. The scintillator array has a plurality of detection 
elements (photodiodes or the like) arranged in a matrix in a 
plane. Further, a radiation detector to be mounted on the 
radiation examination device includes a plurality of Scintil 
lators provided every single detection element. In the radia 
tion examination device, X-rays entering the Scintillators are 
converted into visible light and the visible light is converted 
into electrical signals by the detection elements, thereby 
obtaining an image. In recent years, in order to obtain high 
resolution, the detection elements are miniaturized to 
thereby narrow a pitch between the plural detection ele 
ments. The size of the scintillator is preferred to be small 
with miniaturization of the detection element. 
0005. As a material of the scintillator, for example, a 
gadolinium oxysulfide sintered body can be cited. For 
example, a ceramic Scintillator made of the gadolinium 
oxysulfide sintered body has a fixed color body with chro 
maticity coordinates (x, y). The chromaticity coordinates are 
measured by using a color meter, for example. The mini 
mum diameter that can be measured by a general color meter 
falls within a range of about 2 mm or more to 8 mm or less. 
A measurement area when the diameter is 2 mm or more and 
8 mm or less is, for example, 3.14 mm or more and 50.24 
mm or less. The chromaticity of a measured region is 
Sometimes found to be in an appropriate range within the 
above-described measurement area range even when minute 
foreign matters are present. 
0006. When the ceramic scintillator is small in size, the 
effect on emission characteristics is likely to be large even 
when a slight composition deviation occurs. Therefore, 
when the composition deviation occurs, an optical output 
that converts X-rays into visible light sometimes decreases. 
Further, in a Scintillator array including a plurality of 
ceramic Scintillators arranged in a matrix in a plane, the 
optical output between the ceramic Scintillators decreases, 
and thereby sensitivity as the Scintillator array decreases. 
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SUMMARY 

0007. One of the problems to be solved by one aspect of 
the present invention is to suppress a decrease in optical 
output of a Scintillator array. 
0008. A ceramic scintillator according to an embodiment 
includes a sintered body of 1 mm or less that contains a rare 
earth oxysulfide. In a composition image obtained by 
observing a cross-section of the sintered body under a 
scanning electron microscope, the Sum of the number of 
oxide regions that contain at least one of a rare earth oxide 
different from the rare earth oxysulfide and an impurity 
metal oxide and the number of Sulfide regions that contain 
at least one of a rare earth sulfide different from the rare earth 
oxysulfide and an impurity metal sulfide, which exist in a 
unit area of 500 umx500 um, is five or less (including Zero). 
Each of the oxide regions and the Sulfide regions has a major 
axis of 100 um or less (including Zero). 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 FIG. 1 is a schematic view illustrating a ceramic 
Scintillator according to an embodiment. 
0010 FIG. 2 is a schematic view illustrating a ceramic 
Scintillator array according to an embodiment. 
0011 FIG. 3 is another schematic view illustrating the 
ceramic Scintillator array according to the embodiment. 
0012 FIG. 4 is a schematic view illustrating a radiation 
detector according to an embodiment. 
0013 FIG. 5 is a schematic view illustrating a radiation 
examination device according to an embodiment. 

DETAILED DESCRIPTION 

0014 FIG. 1 is a schematic view illustrating a ceramic 
scintillator according to an embodiment. FIG. 1 illustrates a 
ceramic scintillator 1. The ceramic scintillator 1 includes a 
rare earth oxysulfide sintered body 1a containing a rare earth 
oxysulfide. The rare earth oxysulfide sintered body 1a has a 
volume of 1 mm or less. 
(0015 FIG. 1 illustrates the rare earth oxysulfide sintered 
body 1a having a cubic body. The embodiment is not limited 
to this, and the rare earth oxysulfide sintered body 1a may 
have a rectangular parallelepiped shape, for example. A 
length L (in the longitudinal direction) of the rare earth 
oxysulfide sintered body 1a, a width W (in the lateral 
direction) of the rare earth oxysulfide sintered body 1a, and 
a thickness t of the rare earth oxysulfide sintered body 1a are 
each preferred to be 1 mm or less, for example. 
0016. In the ceramic scintillator according to the embodi 
ment, the volume of the rare earth oxysulfide sintered body 
1a may be 0.72 mm or less. At this time, the length L (in 
the longitudinal direction) of the rare earth oxysulfide sin 
tered body 1a is preferred to be 0.8 mm or less, for example. 
The width W (in the lateral direction) of the rare earth 
oxysulfide sintered body 1a is preferred to be 0.9 mm or less, 
for example. The thickness t of the rare earth oxysulfide 
sintered body 1a is preferred to be 1 mm or less, for 
example. Miniaturizing the ceramic Scintillator enables an 
image that is detected in, for example, a radiation exami 
nation device to have high definition. 
0017 Examples of the rare earth oxysulfide include a 
gadolinium oxysulfide (Gd2O2S), an yttrium oxysulfide 
(YOS), a ruthenium oxysulfide (Lu 20S), and so on. The 
gadolinium oxysulfide has a high X-ray absorption coeffi 
cient, and thus can obtain a high optical output. Further, the 
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rare earth oxysulfide contains, as an activator, one or two or 
more elements selected from Pr, Ce, Yb, Eu, and Tb. 
0018. As the gadolinium oxysulfide, for example, a gado 
linium oxysulfide expressed by a composition satisfying the 
following general formula can be cited. 

General formula:(Gd PrM)2O2S (1) 

0019 (where M is one or two or more elements selected 
from Ce, Yb, Eu, and Tb, a is a number satisfying 
0.0001 sas().01, and b is a number satisfying Osbs0.005). 
0020. The M element in the general formula (1) is a 
coactivator, and has an effect of controlling an afterglow 
property and the like. Ce is an element effective for achiev 
ing a short afterglow. When the M element is contained, b in 
the above-described general formula (1) is more preferred to 
be a number satisfying 0.00001.sbs.O.005. A part of Gd may 
be replaced with one or two or more elements selected from 
Y. La, and Lu. 
0021. The rare earth oxysulfide sintered body is manu 
factured by cutting out a portion of an ingot (large sintered 
body), for example. Therefore, when the ingot has a com 
position deviation, the optical output of the rare earth 
oxysulfide sintered body decreases and sensitivity of a 
Scintillator array decreases in Some cases. One of the reasons 
for composition deviation is that oxide and sulfide that are 
different from the rare earth oxysulfide remain in the sintered 
body. Therefore, the ceramic scintillator including the rare 
earth oxysulfide sintered body preferably includes few oxide 
regions containing oxide different from the rare earth oxy 
sulfide and few sulfide regions containing sulfide different 
from the rare earth oxysulfide, or includes no oxide regions 
or Sulfide regions. 
0022. The oxide has at least one of a rare earth oxide 
containing the same one or more elements as the rare earth 
elements of the rare earth oxysulfide and an impurity metal 
oxide, for example. The sulfide has at least one of a rare 
earth oxide containing the same one or more elements as the 
rare earth elements of the rare earth oxysulfide and an 
impurity metal oxide, for example. 
0023. When the rare earth oxysulfide sintered body 1a 
has the oxide regions and the Sulfide regions, the oxide 
regions and the Sulfide regions preferably have a major axis 
of 100 um or less in an arbitrary cross-sectional structure of 
the rare earth oxysulfide sintered body 1a. When the major 
axis of each of the oxide regions and the Sulfide regions 
exceeds 100 um, the optical output decreases. The major 
axis of each of the oxide regions and the Sulfide regions is 
preferred to be 30 Lum or less, and more preferred to be 0 um 
(a state where the oxide regions and the Sulfide regions do 
not exist). 
0024. The oxide region and the sulfide region contain one 
or two or more elements selected from an alkali metal 
element, an alkaline earth metal element, and iron, for 
example. The oxide region and the Sulfide region preferably 
contain one or two or more selected from Na (sodium), Ca 
(calcium), and Fe (iron). Na, Ca, and Fe are, as impurities, 
easily mixed in a phosphor or during a manufacturing 
process. In the case of containing the above-described 
impurities, these impurities are made to exist as Small oxides 
or sulfides, thereby making it possible to reduce the effect on 
emission characteristics. Sodium oxide (Na2O) is white, and 
sodium sulfide (Na2S) is colorless. Further, calcium oxide 
(CaO) is white or blue-white. Further, calcium sulfide (CaS) 
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is white. Iron oxide (FeO) is red. In iron sulfide, FeS or 
FeS is black, and FeS is gold. 
0025 Since the sodium oxide, the sodium sulfide, the 
calcium oxide, and the calcium Sulfide are mainly white or 
colorless, the effect on emission characteristics is relatively 
low. Therefore, Na or Ca, which is easily mixed in as an 
impurity, is made to exist as the oxide or sulfide, thereby 
making it possible to reduce the effect of the rare earth 
oxysulfide sintered body on emission characteristics. 
0026. The iron oxide is red, and the iron sulfide is black 
or gold. The color of iron oxide or iron sulfide is dark, and 
thus the iron oxide and the iron sulfide are preferred to be as 
Small as possible. An oxide or a sulfide of sodium or calcium 
preferably exists in the vicinity of the iron oxide or the iron 
sulfide. The sodium oxide, the sodium sulfide, the calcium 
oxide, and the calcium sulfide are mainly white or colorless. 
They are made to exist in the vicinity of the iron oxide or the 
iron sulfide, thereby making it possible to lighten the color 
of a colored region, which is red or the like. As a result, even 
though the oxide regions or the Sulfide regions exist, it is 
possible to prevent a decrease in emission characteristics of 
the rare earth oxysulfide sintered body. 
(0027. The vicinity of the iron oxide or the iron sulfide 
preferably falls within a range of 100 um or less and further 
preferably falls within a range of 50 m or less from the iron 
oxide or the iron sulfide. Whether or not it exists in the 
vicinity is confirmed by performing a semiquantitative 
analysis using an electron probe microanalyzer (EPMA) 
with a measuring spot diameter set to 100 um or less, for 
example. It can be said that as long as Fe, Ca, Na, O, and S 
are detected in the measuring spot diameter, it is in a state 
where the iron oxide or the iron sulfide exists in the vicinity 
of one or more of the sodium oxide, the sodium sulfide, the 
calcium oxide, and the calcium sulfide. Further, using a 
transmission electron microscope (TEM) as necessary 
makes it possible to measure that each element turns into an 
oxide or a sulfide. Decreasing the measuring spot diameter 
of the EPMA makes it possible to measure how close to the 
vicinity it exists. 
0028. As long as a plurality of the oxide regions and a 
plurality of the Sulfide regions exist even though the major 
axis of each of the oxide regions and the Sulfide regions is 
100 um or less, the optical output decreases easily. Further, 
the chromaticity confirmation using a color meter has dif 
ficulty in detecting minute oxide regions and Sulfide regions. 
The minimum measuring range of the diameter by a general 
color meter is about 2 mm or more and 8 mm or less. With 
the diameter of 2 mm or more and 8 mm or less, a 
measurement area is 3.14 mm or more and 50.24 mm or 
less. Even if a minute foreign matter having a major axis of 
100 um or less exists in this range, the range is recognized 
as an appropriate range in terms of the chromaticity. 
0029. In the ceramic scintillator according to the embodi 
ment, the Sum of the number of oxide regions and the 
number of sulfide regions, which exist in a unit area of 500 
umx500 um in an arbitrary cross-sectional structure of the 
rare earth oxysulfide sintered body 1a, is five or less 
(including Zero). 
0030 The cross-sectional structure is observed by a scan 
ning electron microscope (SEM), for example. An SEM 
photograph is a composition image with a magnification of 
100 times or more. A comparison between the oxide region, 
the Sulfide region, and a rare earth oxysulfide region is made 
to reveal that in the above-described composition image, 
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they are different in contrast. The oxide region and the 
Sulfide region are shown deeper and darker in color than the 
rare earth oxysulfide region containing the rare earth oxy 
Sulfide. In the SEM composition image, as an atomic num 
ber is larger, a color becomes brighter, and thus Fe (atomic 
number 26), Na, (atomic number 11), and Ca (atomic 
number 20), which are impurities, are smaller in atomic 
number than Gd (atomic number 64), which is a main 
component, and thus are seen deeper and darker. Therefore, 
it is easy to distinguish the rare earth oxysulfide region from 
the oxide region and the sulfide region. Further, the EPMA 
may be used in combination as necessary. 
0031 Examples of the rare earth oxide include (a) a rare 
earth oxide remaining in a rare earth oxysulfide phosphor 
powder during a sintering process, (b) a rare earth oxide 
being a resolvent of the rare earth oxysulfide phosphor 
powder during the sintering process, (c) a rare earth oxide 
being a reactant of the rare earth oxysulfide sintered body in 
a heat treatment (strain relief heat treatment or the like) and 
oxygen in a heat treatment atmosphere, and so on. When the 
rare earth oxysulfide sintered body is GdOS, the rare earth 
oxide is Gd2O. 
0032 Examples of the rare earth sulfide include (d) a rare 
earth Sulfide remaining in the rare earth oxysulfide phosphor 
powder during the sintering process, (e) a rare earth Sulfide 
being a resolvent of the rare earth oxysulfide phosphor 
powder during the sintering process, and so on. When the 
rare earth oxysulfide sintered body is GdOS, the rare earth 
sulfide is GdS. 
0033 Examples of the impurity metal oxide or the impu 

rity metal sulfide include (f) an impurity metal oxide or an 
impurity metal sulfide contained in the rare earth oxysulfide 
phosphor powder, (g) an impurity metal oxide oran impurity 
metal sulfide to be mixed in during the manufacturing 
process, and so on. 
0034. The impurity metal oxide or the impurity metal 
Sulfide contains one or two or more elements selected from 
an alkali metal element, an alkaline earth metal element, and 
iron, for example. As the alkali metal element, for example, 
Na (sodium) can be cited. As the alkaline earth metal 
element, for example, Ca (calcium) can be cited. The 
impurity metal oxide or the impurity metal sulfide may 
contain, for example, Cr (chromium) and the like as an 
impurity metal. 
0035. As another method of reducing the rare earth 
oxides and the rare earth sulfides in the rare earth oxysulfide 
sintered body, there can be cited a method in which a heat 
treatment is performed at a temperature of 1200°C. or more 
and 1600° C. or less in an inert gas atmosphere containing 
oxygen and Sulfur to prevent whitening of a sintered body 
Surface and completely remove internal coloring, for 
example. The above-described treatment method makes it 
possible to manufacture a Scintillator having intended chro 
maticity coordinates (x, y) by measurement by a color meter. 
Therefore, it is possible to reduce oxygen deficiency and 
sulfur deficiency. 
0036. In the above-described method, however, the rare 
earth oxysulfide sintered body is treated by the reaction of 
oxygen gas and Sulfur gas. Therefore, the case when the rare 
earth oxysulfide sintered body is large in size has difficulty 
in reducing the metal oxides even to the inside of the 
sintered body. Therefore, it is necessary to cut out a small 
sintered body having a volume of 1 mm or less from a large 
sintered body (ingot) and confirm whether or not the metal 
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oxide and the like remain therein. That is, the above 
described treatment method is poor in mass productivity. 
0037. When there are a large number of samples when a 
sintered body cut out to be 1 mm or less in volume 
beforehand is heat-treated in an inert gas atmosphere con 
taining oxygen and Sulfur, heat conductivity to the sample 
varies between a lower side and an upper side of a baking 
container, or between an outer side and an inner side of a 
baking container. When a heat treatment time is suited to the 
sample in which heat is not easily conducted, coarse grains 
are formed easily in the sample in which heat is conducted 
easily. In the ceramic Scintillator including the rare earth 
oxysulfide sintered body having a volume of 1 mm or less, 
the optical output is likely to vary when there are coarse 
grains. Further, when the heat treatment time is suited to the 
sample in which heat is conducted easily, the effect of 
reducing oxygen deficiency and Sulfur deficiency in the 
sample in which heat is not easily conducted is insufficient. 
0038. The heat treatment in the inert gas atmosphere 
containing oxygen and Sulfur is effective for the reduction in 
oxygen deficiency and Sulfur deficiency. However, the heat 
treatment has a small effect of reducing adverse effects due 
to Such impurity metal oxide and impurity metal sulfide as 
(f) and (g) described above. Further, when the oxides or the 
sulfides exist in the rare earth oxysulfide phosphor like (a) 
and (d) described above, a heat treatment for a long period 
of time is required in order to turn these into oxysulfides 
completely. Thus, coarse grains are formed easily. Further, 
in the above-described method, as long as the chromaticity 
coordinates (x, y) fall within a predetermined range, the 
Scintillator is recognized as a good product, and thus there 
is a portion in which the above-described chromaticity 
coordinates and a remaining amount of the oxide regions 
and the Sulfide regions do not correspond to each other. 
0039. At least some of the oxide regions and the sulfide 
regions preferably exist at a grain boundary between rare 
earth oxysulfide crystal grains, and further the oxide regions 
and the Sulfide regions all preferably exist at a grain bound 
ary between rare earth oxysulfide crystal grains. The oxide 
regions and the Sulfide regions are made to exist at the grain 
boundary between the rare earth oxysulfide crystal grains, 
thereby enabling Suppression of a decrease in emission 
characteristics of the rare earth oxysulfide crystal grains 
themselves. That the oxide region and Sulfide region exist 
inside the rare earth oxysulfide crystal grain means that a 
state where impurities such as Fe, Na, and Ca are solid 
dissolved in the rare earth oxysulfide crystal grain is made. 
When the impurity is solid-dissolved in the rare earth 
oxysulfide crystal grain, the emission characteristics of the 
rare earth oxysulfide crystal grain sometimes decrease. 
Therefore, the oxide regions and the sulfide regions prefer 
ably exist at the grain boundary between the rare earth 
oxysulfide crystal grains. 
0040. In the rare earth oxysulfide sintered body, an aver 
age crystal grain diameter of the rare earth oxysulfide crystal 
grains is preferred to be 5 um or more and 30 um or less. 
When the average crystal grain diameter is less than 5um, 
the number of grain boundaries between the rare earth 
oxysulfide crystal grains is large. Therefore, the number of 
oxide regions and Sulfide regions existing at the grain 
boundary increases. When the average crystal grain diam 
eter exceeds 30 um, the grain boundary between the rare 
earth oxysulfide crystal grains is large. Therefore, the oxide 
regions and the Sulfide regions existing at the grain boundary 
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are likely to be large. The average crystal grain diameter of 
the rare earth oxysulfide crystal grains is preferred to be 7 
um or more and 20 Lim or less. 
0041. In order to prevent the grain boundary between the 
rare earth oxysulfide crystal grains from increasing, the 
maximum diameter of the rare earth oxysulfide crystal 
grains is preferred to be 50 um or less. As long as crystal 
grains having the maximum diameter of greater than 50 um 
exist even though the average crystal grain diameter is 5um 
or more and 30 um or less, the grain boundary between the 
rare earth oxysulfide crystal grains is likely to be large. The 
maximum diameter of the rare earth oxysulfide crystal 
grains is more preferred to be 35 um or less. 
0042. The average crystal grain diameter of the rare earth 
oxysulfide crystal grains is defined by a measurement result 
obtained by a linear density method, for example. Specifi 
cally, a macrophotograph (SEM photograph) of a unit area 
of 500 umx500 um of an arbitrary cross-section of the rare 
earth oxysulfide sintered body is taken. A straight line 
having a length of 500 um is drawn on the macrophotograph. 
Next, the number of rare earth oxysulfide crystal grains 
existing on the drawn straight line is counted. An average 
value is foundby (the number of rare earth oxysulfide crystal 
grains/500 um). The same operation is performed on each of 
five arbitrary straight lines. An average value of crystal grain 
diameters of rare earth oxysulfide crystal grains on the five 
arbitrary lines is the average crystal grain diameter. 
0043. The scintillator having the above-described rare 
earth oxysulfide sintered body exhibits excellent emission 
characteristics even when the volume is 1 mm or less. 
Further, in the ceramic scintillator according to the embodi 
ment, the oxide regions and the Sulfide regions are reduced 
in number, and thus the volume can be 0.72 mm or less. 
0044) Next, there will be explained a manufacturing 
method example of the scintillator according to the embodi 
ment. A manufacturing method of the Scintillator according 
to the embodiment is not limited in particular as long as this 
method can minimize the oxide regions and the Sulfide 
regions. The following method can be cited as a method for 
efficiently obtaining the scintillator. 
0045. A rare earth oxysulfide powder is prepared. The 
rare earth oxysulfide powder is a phosphor powder. An 
average particle diameter of the rare earth oxysulfide powder 
is preferred to be 10 um or less, and further preferred to be 
5um or less. When the average particle diameter of the rare 
earth oxysulfide powder exceeds 10 Jum, the crystal grains of 
the rare earth oxysulfide sintered body are large. When the 
crystal grains are too large, the grain boundary is likely to be 
large. Therefore, the oxide regions and the Sulfide regions 
existing at the grain boundary are likely to be large. 
0046) Next, a water-washing process is performed on the 
rare earth oxysulfide powder. For production of the rare 
earth oxysulfide powder, flux is used in order to accelerate 
reaction of the rare earth oxysulfide powder and a sulphidiz 
ing agent. As the flux, for example, APO, ACOs, or the 
like is used. A of APO or ACO is at least one element 
selected from Li, Na, K, Rb, and Cs. When the flux is used, 
the A element is likely to remain in the rare earth oxysulfide 
powder. The A element is a component soluble in water as 
an ion. Therefore, it is effective to perform the water 
washing process. The water-washing process is effective 
also for removal of impurities to be mixed in inevitably 
during the manufacturing process. 
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0047. In the water-washing process, separating impurities 
in the rare earth oxysulfide powder, or performing the 
water-washing process itself in a clean room is effective for 
removal of impurities. After the water-washing process, 
letting the water-washed rare earth oxysulfide powder pass 
through a mesh product to remove Solid matters therefrom is 
effective for removal of impurities. 
0048 Next, a process of heat treating the rare earth 
oxysulfide powder in an inert gas atmosphere containing 
oxygen and sulfur is preferably performed. The heat treat 
ment in the inert gas atmosphere containing oxygen and 
Sulfur makes it possible to reduce oxide regions and Sulfide 
regions in the rare earth oxysulfide powder. In the ceramic 
Scintillator according to the embodiment, the major axis of 
the oxide regions and the Sulfide regions is made minute, 
which is 100 um or less (including Zero). In order to achieve 
the above, it is necessary to sufficiently reduce the oxide 
regions and the Sulfide regions in the rare earth oxysulfide 
powder itself to be a raw material powder. 
0049. The oxygen in the inert gas atmosphere containing 
oxygen and Sulfur is not limited to oxygen contained in an 
oxygen gas, for example, and oxygen contained in the 
atmosphere and so on can be cited. As the Sulfur, for 
example, a SO gas and so on can be cited. The SO gas 
contains Sulfur and oxygen as its constituent, thus making it 
possible to reduce the oxide regions and the Sulfide regions. 
As the SOgas, a SO gas, a SO gas and so on can be cited. 
0050. A temperature of the heat treatment (first) in the 
inert gas atmosphere containing oxygen and Sulfur is pre 
ferred to be 700° C. or more and 1350° C. or less. The heat 
treatment is intended for the rare earth oxysulfide powder, 
and thus can be performed at a temperature lower than ever 
before. A heat treatment time is preferred to be 0.5 hours or 
more and 30 hours or less. 
0051. The above-described heat treatment is preferably 
performed while stirring the inert gas atmosphere containing 
oxygen and Sulfur. As being intended for the powder, the 
heat treatment process is performed while stirring the atmo 
sphere gas, and thereby the atmosphere gas easily comes 
into contact with each of the rare earth oxysulfide powders. 
This makes it possible to reduce the oxide regions and the 
sulfide regions in the rare earth oxysulfide powder. Further, 
examples of the method of stirring the atmosphere gas 
include a method of stirring the atmosphere gas in a heat 
treatment container, a method of stirring the atmosphere gas 
while flowing the atmosphere gas, a method of stirring the 
atmosphere gas while stirring the rare earth oxysulfide 
powder, and so on. 
0.052 Aheating rate up to the heat treatment temperature 
in the inert gas atmosphere containing oxygen and Sulfur is 
preferred to be 100° C./minute or less. Setting the heating 
rate to 100° C./minute or less makes it easier for the oxide 
regions and the Sulfide regions in the rare earth oxysulfide 
powder to react with the rare earth oxysulfide. 
0053 Although the explanation is conducted in the order 
of the water-washing process and the heat treatment process, 
the water-washing process may be performed after the heat 
treatment process, or the water-washing process and the heat 
treatment process may be alternately performed repeatedly. 
0054 Next, a molding process is performed. In the mold 
ing process, the rare earth oxysulfide powder is molded. As 
a molding method, for example, metal mold pressing, rubber 
pressing, and so on can be cited. A molded body may be 
enclosed in a Ta capsule. The molding process is preferably 
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performed in a clean room in order to remove impurities. 
Further, in the molding process, impurities attached to use 
materials such as a metal mold press, a rubber press, and a 
Ta capsule to be used may be removed before the use 
materials are used. 
0055 Next, a sintering process is performed. A sintering 
method is preferred to be, for example, hot pressing or a hot 
isostatic pressing (HIP) method. In the sintering process, 
preferably, for example, a temperature is set to 1400° C. or 
more and 1600° C. or less, a pressure is set to 98 MPa or 
more, and holding is performed for one hour or more and 10 
hours or less. Setting Such conditions makes it possible to 
obtain a rare earth oxysulfide sintered body having a relative 
density of 99.5% or more, for example. 
0056. When the heat treatment temperature is less than 
1400° C., the sintered body is not densified. When the heat 
treatment temperature exceeds 1600° C., the oxide region 
and the Sulfide region are formed easily. 
0057. When the pressure is less than 98 MPa, the sintered 
body is not densified. In order to reduce the oxide regions 
and the Sulfide regions, it is preferred not use a sintering aid. 
Therefore, the pressure is preferred to be 120 MPa or more. 
0058 When the sintering time is less than one hour, the 
sintered body is not densified. When the sintering time 
exceeds 10 hours, the oxide region and the Sulfide region are 
formed easily. The sintering time is preferred to be two hours 
or more and seven hours or less. 
0059. The second heat treatment in the inert gas atmo 
sphere containing oxygen and Sulfur is preferably performed 
on a sintered body obtained after the sintering process. By 
this heat treatment, the oxide regions or the Sulfide regions 
formed in the sintering process can be reduced. 
0060 A temperature of the second heat treatment process 

is preferred to be 700° C. or more and 1350° C. or less. A 
heating rate of the second heat treatment process is preferred 
to be 50° C./minute or less. Slow heating can make the oxide 
regions or the Sulfide regions react with the rare earth 
oxysulfide homogeneously. A heat treatment time of the 
second heat treatment process is preferred to be 1 hour or 
more and 40 hours or less, and further preferred to be two 
hours or more and 20 hours or less. 
0061. In this manner, the first heat treatment is performed 
on the rare earth oxysulfide powder, and then the second heat 
treatment is performed on the rare earth oxysulfide sintered 
body, thereby making it possible to reduce the oxide regions 
and the Sulfide regions. 
0062. The above-described manufacturing method 
enables the major axis of the oxide regions and the Sulfide 
regions to be 100 um or less (including Zero) and enables the 
number of oxide regions and Sulfide regions to be five or less 
(including Zero) per a unit area of 500 umx500 um even in 
a rare earth oxysulfide sintered body ingot of 1 mm or more 
in width, 1 mm or more in thickness, and 20 mm or more in 
length, for example. Therefore, it is possible to cut out a 
sintered body having a volume of 1 mm or less from the 
rare earth oxysulfide sintered body ingot. 
0063. The ceramic scintillator according to the embodi 
ment is suitable for a ceramic Scintillator array. The ceramic 
scintillator array preferably includes a plurality of ceramic 
scintillators integrated with a reflection layer interposed 
therebetween. 

0.064 FIG. 2 and FIG. 3 are schematic views each 
illustrating a scintillator array. FIG. 2 is a side view of the 
ceramic scintillator array, and FIG. 3 is a top view of the 

Jul. 13, 2017 

ceramic Scintillator array. A ceramic Scintillator array 2 
illustrated in FIG. 2 and FIG. 3 includes a plurality of the 
ceramic scintillators 1 and a reflection layer 3 provided 
between the plurality of the ceramic scintillators 1. 
0065. The reflection layer 3 contains a mixture of, for 
example, reflective particles Such as TiO, or Al-O and resin. 
The reflection layer 3 may have a structure having a reflec 
tion film provided on a side surface of the ceramic scintil 
lator 1 by using sputtering or the like. Further, the reflection 
layer 3 may also have a structure having a metal foil and 
resin layers provided on both surfaces of the metal foil. The 
reflection layer 3 reflects at least some of electromagnetic 
WaVS. 

0066. In the ceramic scintillator array 2, the reflection 
layer 3 can be reduced in thickness to 100 um or less, and 
further to 50 um or less because the ceramic scintillator 1 is 
miniaturized to be 1 mm or less in volume. 
0067 Next, there is explained a radiation detector. FIG. 
4 is a view illustrating a radiation detector. A radiation 
detector 5 illustrated in FIG. 4 includes the ceramic scintil 
lator array 2 and a photoelectric conversion element 4. The 
ceramic Scintillator array 2 has an X-ray incident Surface 2a. 
The ceramic Scintillator array 2 may have a surface reflec 
tion layer on the X-ray incident surface 2a. The surface 
reflection layer may be provided not only on the X-ray 
incident surface 2a of the ceramic scintillator array 2 but 
also on a mounting Surface of the photoelectric conversion 
element 4. Further, the surface reflection layer may be 
provided on both the X-ray incident surface 2a of the 
ceramic Scintillator array 2 and the mounting Surface of the 
photoelectric conversion element 4. 
0068 Providing the surface reflection layer on the 
ceramic scintillator array 2 makes it possible to further 
improve reflection efficiency of visible light emitted from 
the ceramic Scintillators 1 and increase an optical output of 
the ceramic Scintillator array 2. 
0069. As the surface reflection layer, for example, a 
mixture of reflective particles and a transparent resin, a 
lacquer-based coating material or the like is used. The 
mixture of reflective particles and a transparent resin pref 
erably has a dispersion state of the reflective particles as in 
the reflection layer 3. A thickness of the surface reflection 
layer is preferred to be 50 um or more and 250 um or less. 
When the thickness of the surface reflection layer is less than 
50 um, it is not possible to obtain a sufficient improvement 
effect of the reflection efficiency. When the thickness of the 
surface reflection layer exceeds 250 um, the surface reflec 
tion layer decreases in the amount of X-rays transmitted 
therethrough to decrease in detection sensitivity. 
0070 The photoelectric conversion element 4 is inte 
grally mounted on a surface opposite to the X-ray incident 
Surface 2a of the ceramic Scintillator array 2. As the pho 
toelectric conversion element 4, for example, a photodiode 
is used. The photoelectric conversion element 4 is disposed 
at a position corresponding to the ceramic Scintillators 1 
constituting the ceramic Scintillator array 2. 
0071 Next, there is explained an X-ray CT device as one 
example of a radiation examination device. FIG. 5 is a view 
illustrating a configuration example of an X-ray CT device. 
An X-ray CT device 10 illustrated in FIG. 5 includes at least 
a radiation detector 5 and an X-ray tube 12. 
0072 The radiation detector 5 is pasted to an inner wall 
Surface of a cylinder in which a photographing region of a 
specimen 11 is to be laid out. On the X-ray incident surface 
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side of the radiation detector 5, a not-illustrated collimator 
is provided. As the radiation detector 5, for example, the 
radiation detector 5 or the like illustrated in FIG. 4 or the like 
can be applied. 
0073. The X-ray tube 12 emits X-rays. The X-ray tube 12 
is provided almost at the center of an arc of the cylinder to 
which the radiation detector 5 is pasted. Between the radia 
tion detector 5 and the X-ray tube 12, the specimen 11 is 
disposed. 
0074 The radiation detector 5 and the X-ray tube 12 are 
configured to rotate around the specimen 11 while photo 
graphing with the X-rays. Therefore, pieces of image infor 
mation of the specimen 11 at different angles can be three 
dimensionally collected. Signals obtained by the X-ray 
photographing (electric signals converted by the photoelec 
tric conversion element) are processed by a computer 13 and 
displayed on a display 14 as a specimen image 15. 
0075. The specimen image 15 is, for example, a tomo 
gram of the specimen 11. Using the ceramic Scintillator array 
2 including the two-dimensionally arranged ceramic Scin 
tillators 1 illustrated in FIG.3 makes it possible to configure 
a multi-tomogram type X-ray CT device 10. In this case, a 
plurality of tomograms of the specimen 11 can be simulta 
neously photographed to, for example, three-dimensionally 
draw photographing results. 

Example 1 

Example 2 

Example 3 

Example 5 

Example 6 

Example 7 

Example 8 

Example 1 

Example 2 

0076. As described above, the ceramic scintillator array 2 
according to the embodiment can obtain an excellent optical 
output because of its high reflection efficiency for the visible 
light emitted from the ceramic scintillators 1 based on the 
configuration and the like of the reflection layer 3. Using the 
radiation detector 5 having the ceramic Scintillator array 2 as 
above makes it possible to shorten the photographing time 
by the X-ray CT device 10. As a result, it is possible to 
shorten the radiation exposure time of the specimen 11 and 
achieve reduced radiation exposure. The X-ray examination 
device (X-ray CT device 10) according to the embodiment 

Example 4 

Comparative 

Comparative 
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is applicable not only to the X-ray examination for medical 
diagnosis of a human body but also to the X-ray examination 
for animals, the X-ray examination for industrial usage and 
SO. O. 

0077. The X-ray examination device according to the 
embodiment can obtain a high definition image because of 
using the ceramic Scintillators each having a Volume of 1 
mm or less. Further, the scintillators are each miniaturized 
to be 1 mm or less in volume and then the oxide regions and 
the Sulfide regions are minimized, resulting in excellent 
emission characteristics of each of the scintillators. There 
fore, the characteristics of the scintillator array in which a 
plurality of the Scintillators according to the embodiment are 
used are also excellent. 

EXAMPLE 

Examples 1 to 8, Comparative Examples 1 to 2 

0078. As a gadolinium oxysulfide powder, a material 
having a composition expressed by (Gdoooo. Prooo)2O2. 
ol. Soo was prepared. Next, as illustrated in Table 1, a 
washing process and a heat treatment process (first time) 
were performed on the powder. In the washing process, the 
material was washed with pure water. 

TABLE 1. 

Average Heat Treatment Process 

Particle Temperature x Heating 
Diameter Washing Time Rate 
(Lm) Process Atmosphere (° C. X Time) (C./min) 

5 Performe SOGas + 700 x 5 8O 
Atmosphere 

7 Performe SOGas + 800 x 5 50 
Atmosphere 

O Performe SOGas + 1OOO x 2 35 
Atmosphere 

2 Performe SOGas + 1100 x 2 30 
Atmosphere 

5 None SOGas + 1200 x 2 2O 
Atmosphere 

8 Performe SOGas + 1150 x 3 35 
Atmosphere 

O Performe SOGas + 1200 x 3 40 
Atmosphere 

6 Performe SOGas + 1100 x 3 40 
Atmosphere 

O None None None None 

O Performe None None None 

007.9 The gadolinium oxysulfide powders according to 
Examples and Comparative examples were each used, and a 
molding process and a sintering process were performed 
thereon. In the molding process, the gadolinium oxysulfide 
powder was temporarily molded by rubber pressing to be 
enclosed in a Ta capsule. A HIP process at 1500° C. and 150 
MPa and for five hours was performed on a molded body 
enclosed in the Ta capsule. By this process, a sintered body 
ingot of 2 mm in thicknessx2 mm in width:X30 mm in length 
was fabricated. Next, a heat treatment process (second time) 
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illustrated in Table 2 was performed on each of the sintered 
body ingots each from which the Ta capsule was removed. 

TABLE 2 

Heat Treatment Process (Second Time 

Temperature x 
Time Heating Rate 

Atmosphere (° C. X Time) ( C./min) 

Example 1 SOGas + Atmosphere 1200 x 12 50 
Example 2 SOGas + Atmosphere 1OOO x 15 40 
Example 3 SOGas + Atmosphere 900 x 20 30 
Example 4 SOGas + Atmosphere 1300 x 5 2O 
Example 5 SOGas + Atmosphere 1100 x 10 30 
Example 6 SOGas + Atmosphere 1150 x 10 35 
Example 7 SOGas + Atmosphere 1200 x 10 40 
Example 8 SOGas + Atmosphere 1100 x 10 40 
Comparative SOGas + Atmosphere 1300 x 24 200 
Example 1 
Comparative SOGas + Atmosphere 1300 x 5 200 
Example 2 

0080 From each of the sintered body ingots, a sample of 
0.7 mm in thicknessx0.7 mm in width:X0.8 mm in length was 
cut out and ceramic Scintillators according to Examples and 
Comparative examples were fabricated therefrom. The aver 
age crystal grain diameter and the maximum diameter of 
gadolinium oxysulfide crystal grains of each of the ceramic 
scintillators were examined. Further, the major axis of oxide 
regions and sulfide regions and the number of oxide regions 
and Sulfide regions per unit area were examined. 
0081. An arbitrary cross-section of each of the ceramic 
scintillators was observed by a SEM as measurement. Using 
a SEM composition image (3000 magnifications), the gado 
linium oxysulfide crystal grains shown thereon were found 
by a linear density method. Further, the average crystal grain 
diameter of these was found. The longest diagonal line of the 
gadolinium oxysulfide crystal grains shown on the SEM 
composition image (3000 magnifications) was set as the 
maximum diameter of the major axis of the crystal grain. 
0082 Next, an EPMA analysis was performed on an 
arbitrary cross-section of each of the ceramic Scintillators. A 
measuring spot of the EPMA was set to 100 um and 
measurement was performed so that the unit area became 
500 umx500 um in total. By this operation, the major axis 
of the oxide regions and the Sulfide regions and the number 
of oxide regions and Sulfide regions were found. Results of 
the above are illustrated in Table 3. 

TABLE 3 

Crystal Grain Oxide Region or 

Average Major Axis Sulfide Region 

Crystal Maximum Major 
Grain Diameter Diameter Axis Number 

(Lm) (Lm) (Lm) (piece) 

Example 1 7.2 15.2 23 3 
Example 2 13.5 20.7 15 2 
Example 3 17.1 24.1 8 2 
Example 4 19.6 27.1 O O 
Example 5 21.7 29.7 30 2 
Example 6 11.3 14 O O 
Example 7 14 16.7 10 1 
Example 8 10.8 13.4 5 1 
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TABLE 3-continued 

Crystal Grain Oxide Region or 

Average Major Axis Sulfide Region 

Crystal Maximum Major 
Grain Diameter Diameter Axis Number 

(Lm) (Lm) (Lm) (piece) 

Comparative 15.2 20.9 125 10 
Example 1 
Comparative 13.6 18.2 140 14 
Example 2 

0083. As is clear from Table, in the ceramic scintillators 
according to Examples, the major axis of the oxide regions 
or the Sulfide regions was 100 um or less (including Zero) 
and the number of oxide regions and Sulfide regions was five 
or less (including Zero) per a unit area of 500 umx500 um. 
I0084. In the ceramic scintillators according to Examples 
and Comparative examples, at least one element selected 
from Fe, Na, and Ca was detected from the oxide regions 
and the sulfide regions. Further, the SEM composition image 
was photographed, and then a comparison between the oxide 
region and the Sulfide region and a rare earth oxysulfide 
region was made to reveal that they are different in contrast 
and the oxide regions and the Sulfide regions were seen 
deeper and darker in color than the rare earth oxysulfide 
region. 
I0085 Next, ceramic scintillator arrays were fabricated 
using the ceramic Scintillators according to Example and 
Comparative examples. As a reflection layer, an epoxy resin 
containing TiO, was prepared. A thickness of the reflection 
layer was set to 100 um or 50 lum, and the ceramic scintil 
lators were arranged in a matrix in a plane to fabricate a 
ceramic Scintillator array. 
I0086. An optical output of the ceramic scintillator array 
was measured. In the measurement of optical output, a 
Scintillator array having the same size was fabricated of 
cadmium tungstate (CdWO). Further, the scintillator array 
was set in a radiation detector and a value of electric current 
to flow through a silicon photodiode when an X-ray having 
120 kV and 200 mA was irradiated was found as an optical 
output. At this time, as a relative value when the optical 
output of the Scintillator array using cadmium tungstate was 
set to 100, the optical output was found. Results of the above 
are illustrated in Table 4. 

TABLE 4 

Optical Output Relative Value 

Reflection Layer Thickness Reflection Layer Thickness 
100 m 50 m 

Example 1 210 211 
Example 2 220 225 
Example 3 225 228 
Example 4 235 240 
Example 5 215 221 
Example 6 233 238 
Example 7 217 219 
Example 8 219 224 
Comparative 195 190 
Example 1 
Comparative 190 187 
Example 2 
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0087. As is clear also from Table, in each of the scintil 
lator arrays according to Examples, the output improved. 
Each of the Scintillator arrays according to Examples had 
few oxide regions and Sulfide regions, thus being able to 
obtain excellent characteristics even when the thickness of 
the reflection layer was set to 100 um or less, and further set 
to 50 um or less. This reveals that the reflection layer can be 
reduced in thickness in the Scintillator array according to the 
embodiment. 
0088. In the scintillator arrays according to Comparative 
examples, the major axis of the oxide regions or the Sulfide 
regions exceeded 100 um to be large and the number of 
oxide regions or Sulfide regions per unit area was large, and 
thus it was not possible to confirm an improvement in optical 
output. This reveals that the ceramic scintillator array 
according to Comparative example is not necessary appro 
priate when the reflection layer is reduced in thickness. 
0089. While certain embodiments have been described, 
these embodiments have been presented by way of example 
only, and are not intended to limit the scope of the inven 
tions. Indeed, the novel embodiments described herein may 
be embodied in a variety of other forms; furthermore, 
various omissions, Substitutions and changes in the form of 
the embodiments described herein may be made without 
departing from the spirit of the inventions. The accompa 
nying claims and their equivalents are intended to cover 
such forms or modifications as would fall within the scope 
and spirit of the inventions. Further, the above-described 
respective embodiments can be implemented in a manner to 
be combined mutually. 
What is claimed is: 
1. A Scintillator, comprising: 
a sintered body of 1 mm or less, containing a rare earth 

oxysulfide, wherein 
in a composition image obtained by observing a cross 

section of the sintered body under a scanning electron 
microscope, the Sum of the number of oxide regions 
that contain at least one of a rare earth oxide different 
from the rare earth oxysulfide and an impurity metal 
oxide and the number of Sulfide regions that contain at 
least one of a rare earth sulfide different from the rare 
earth oxysulfide and an impurity metal sulfide, which 
exist in a unit area of 500 umx500 um, is five or less 
(including Zero), and 

each of the oxide regions and the Sulfide regions has a 
major axis of 100 um or less (including Zero). 

2. The Scintillator according to claim 1, wherein 
a volume of the sintered body is 0.72 mm or less. 
3. The scintillator according to claim 1, wherein 
the major axis is 30 um or less (including Zero). 
4. The Scintillator according to claim 1, wherein 
in the composition image, the oxide region and the Sulfide 

region are deeper and darker in color than a rare earth 
oxysulfide region containing the rare earth oxysulfide. 
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5. The scintillator according to claim 1, wherein 
the sintered body contains a gadolinium oxysulfide, an 

yttrium oxysulfide, or a ruthenium oxysulfide. 
6. The scintillator according to claim 5, wherein 
a composition of the gadolinium oxysulfide is expressed 
by 
General formula:(Gd-PrM)2O2S (1), 

where M is one or two or more elements selected from Ce, 
Yb, Eu, and Tb, a is a number satisfying 0.0001 sas(). 
01, and b is a number satisfying Osbs0.005. 

7. The scintillator according to claim 1, wherein 
the rare earth oxide and the rare earth sulfide contain at 

least one element of the same rare earth elements as 
rare earth elements contained in the rare earth oxysul 
fide, and 

the impurity metal oxide and the impurity metal sulfide 
contain one or two or more elements selected from an 
alkali metal element, an alkaline earth metal element, 
and iron. 

8. The scintillator according to claim 1, wherein 
the sintered body has a plurality of rare earth oxysulfide 

crystal grains. 
9. The scintillator according to claim 8, wherein 
an average crystal grain diameter of a plurality of the rare 

earth oxysulfide crystal grains is 5um or more and 30 
um or less. 

10. The scintillator according to claim 8, wherein 
a maximum diameter of the rare earth oxysulfide crystal 

grains is 50 um or less. 
11. The scintillator according to claim 8, wherein 
at least some of the oxide regions and the Sulfide regions 

exist at a grain boundary between a plurality of the rare 
earth oxysulfide crystal grains. 

12. A Scintillator array, comprising: 
a plurality of Scintillators including the Scintillator accord 

ing to claim 1; and 
a reflection layer provided between a plurality of the 

Scintillators. 
13. A radiation detector, comprising: 
the Scintillator array according to claim 12, having an 

X-ray incident Surface; and 
a photoelectric conversion element provided on a surface 

opposite to the X-ray incident surface of the scintillator 
array. 

14. The radiation detector according to claim 13, further 
comprising: 

a surface reflection layer provided on at least one surface 
of the X-ray incident Surface and the Surface opposite 
thereto. 

15. A radiation examination device comprising the radia 
tion detector according to claim 13. 
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